In this paper we proposed a modeling method of the electrode lift controlling plant of a n ultra high power electric furnace and verified the accuracy of the proposed model by simulation an d field test.
Introduction
UHPs have become one of main tools for the steel making process since they have high productiv ity, low cost and high quality of products.
In this paper we make the mathematical model of the electrode lift controlling plant of 40t UHP t hat is the primary problem in developing the electrode lift control system.
In the previous work [1] , they made the mathematical model of UHP, but they didn't consider the dynamics of UHP according to the melting stages.
In the previous work [2, 3] , they made the arc current prediction model using artificial intelligenc e technology and chaos theory, but they didn't consider the dynamics of UHP according to the meltin g stages.
The electrode lift controlling system of UHP regulates the driving voltage of the electrode lift equipment to sustain the electric arc length, so stabilizes the arc current and arc voltage.
The electrode lift controlling plant of the UHP consists of an electrode lift equipment and an elect rode furnace (arc-length, impedance)(see figure 1 ).
Therefore the modeling of the electrode lift controlling plant of UHP consists of the modeling of the electrode lift equipment and the modeling of arc furnace (arc length-arc current, impedance). 
Mathematical modeling the electrode lifting equipment.
The electrode lift equipment sustains the arc length to stabilize arc current, arc voltage and arc power. In this paper we model the electronic servo valve-hydraulics motoring electrode lift equipment (figure 2).
The electronic servo valve-hydraulics motoring electrode lift equipment regulates the valve position according to the driving voltage. The valve position regulates the oil to enter into and drain out the hydraulics cylinder, thus the electrode is lifted. When the oil amount increases, the electrode lift and when the oil amount decreases, the electrode down. The input of the electrode lift equipment is the driving voltage u operates on the electronic valve and the output is the arc length. Table 1 shows the physical variables used in modeling of the electrode lift equipment. 
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The flow incoming into the pipe, Q is represented as a function the driving voltage u and the pr essure difference of the cylinder,
We linearize equation (1) ]. We assu
In other hand flow Q is calculated as follows.
The power lifting the piston is calculated as follows.
And As the power lifting the piston stands the inertia of the load, gravity, viscosity, following equati on is formed.
From equation (3) and (4) 
From equation (6) and (7) 
To perform Laplace's transform,
To ignore the friction, let Therefore the electrode lift equipment is considered a integral inertia part as equation (11) .
And from equation (11) the transform function between the driving voltage and the electrode lift velocity is as equation (12), where the amplitude of the electrode lift equipment K and time const T may be determined by measuring the lift velocity of the electrode lift equipment when the driving v oltage is +1V as unit step signal. (12) At that time the amplitude K is the normal value and the time const T is the period that the response is 63.2% of the steady state. The parameters that are determined through the electrode lift experiment are as follows.
Therefore the transform function of the electrode lift equipment is as follows. 
Mathematical modeling a 40t arc furnace.
In an arc furnace, the arc current and the impedance are determined by the arc length. We obtain t he relationship of the arc length L and the arc current I and the circuit impedance Z . Table 2 show the physical terms used in modeling of the arc furnace. 
From figure 6 we obtain equation (14),
Where the secondary phase voltage calculated in the primary side is
From above equation we can the following equation. 
And the following equation between impedance and arc current holds.
Therefore the following nonlinear relationship between arc length and impedance holds.
As a result we can represent the electrode lifting control system of UHP as figure 6. 
Validation
We verify the validity of the proposed model through simulation and the field test.
At first by using MATLAB Simulink simulation as figure 7 , we obtain the unit step response of t he electrode lift controlling plant that is consisted of the electrode lift equipment and the arc furnace, we compare it with the field test data (arc current curve obtained when we operate +1V of driving vo ltage on the electrode lift equipment). The fitness of the model is 95.57%. This model can be used in the design of the electrode lift con troller.
Conclution
In this paper, we have developed a mathematical model of 40t UHP electrode lift equipment. The electronic servo valve-hydraulic motor electrodes lift equipment I has been approximated as first or der inertia and integral element and the nonlinear relations of arc length and arc current, impedanc e have been developed, and then we validated it through the model validation.
